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LOW TEMPERATURE FUEL CELL 
POWER PLANT OPERATION 

BACKGROUND OF THE INVENTION 

[i] This invention generally relates to operating a fuel cell power plant during 

cold temperature conditions. More particularly, this invention relates to selectively 
utilizing an enthalpy recovery device based upon operating conditions of a fuel cell 
power plant. 

[23 Fuel cell power plants are well known and used to produce electrical power 

from reducing and oxidizing fluids. Fuel cell structures and fuel cell power plant 
arrangements are known and come in a variety of configurations. Many fuel cells 
utilize a proton exchange membrane (PEM) as part of a chemical process for 
producing electrical energy. 

[3] In proton exchange membrane fuel cells, it is important that the reactants are 

humidified to prevent the PEM from drying out. If the PEM were to dry out, the cell 
resistance increases, which lowers the fuel cell performance. Additionally, if the 
membrane dries out, it degrades, which results in reduced service life for the fuel cell 
power plant. 

[4] Moreover, it is desirable that the fuel cell power plant operate within water 

balance. This means that the water removed from the power plant system as vapor in 
the reactant exhaust streams, or as liquid across the porous water transport plates, 
must be equal to or less than the amount of water formed as a result of reactions 
within the fuel cell. In one example power plant air utilization is approximately 60- 
70% with an operating pressure of about 15.7 PSIA. There is a relationship between 
system exhaust dewpoint and system air utilization that satisfies water balance, 
depending on the fuel provided to the power plant. In one example where gasoline is 
the fuel, an exhaust temperature of 1 10°F provides adequate water balance. If the 
exhaust temperature exceeds 110°F, there is a water deficiency and the cells will dry 
out. If the exhaust temperature is less than 110°F, a system water surplus results, 
possibly flooding the cells unless the water is removed as liquid. 

[5] Enthalpy recovery devices (ERDs) are used in fuel cell power plants to 

exchange heat and humidity from a process exhaust stream to a reactant inlet stream. 
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ERDs have been used to maintain adequate water balance within fuel cell power 
plants. 

[6] A particular challenge is presented when the ambient temperatures are low 

such that water or liquid associated with or processed by the ERDs may freeze. This 
is possible, for example, on a vehicle including a fuel cell power plant that is located 
in a region where winter temperatures may be at or below freezing. Under such 
conditions, the enthalpy recovery device may not function as required and the power 
plant system water balance may not be maintained, which could result in performance 
degradation or a reduced service life of the system. 

m There is a need for a fuel cell power plant system that is capable of operating 

in cold conditions. This invention addresses that need. 

SUMMARY OF THE INVENTION 

[8] In general terms, this invention is a fuel cell power plant system that is capable 

of operating in cold temperatures. 

[9] One fuel cell power plant system designed according to this invention includes 

v. 

a fuel cell having a first electrode that receives a fuel and a second electrode that 
receives an oxidant. An enthalpy recovery device has a first portion in fluid 
communication with the exhaust of the second electrode and a second portion in fluid 
communication with the air supply between the supply and the second electrode. A 
controller selectively controls the amount of fluid communication to at least one of 
the portions of the enthalpy recovery device based upon a selected condition, such as 
a temperature or the operation status of the power plant system. 

[io] The controller selectively bypasses the enthalpy recovery device as needed to 

avoid ice build up, for example, within the enthalpy recovery device. 

[ii] In one example system the exhaust from the second electrode is bypassed 

around the first portion of the enthalpy recovery device when a temperature, such as 
ambient, or second electrode exit, or ERD, is below a selected threshold. 

[12] In another example, the oxidant from the supply is bypassed around the 

second portion of the enthalpy recovery device when a temperature, such as ambient, 
or second electrode exit, or ERD, is below a selected threshold or during a system 
startup operation. 
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[13] In another example, the entire enthalpy recovery device is bypassed and 

allowed to freeze. Once more favorable temperatures exist, the ERD may be used as 
desired. 

[14] Some examples include a bypass conduit that selectively directs fluid around 

the enthalpy recovery device and a valve associated with the bypass conduit. The 
controller selectively operates the valve, depending upon the current operating and 
ambient (environmental) conditions to select whether the enthalpy recovery device is 
bypassed. 

[15] Some example systems designed according to this invention have a heater 

associated with the enthalpy recovery device. The heater may be operated by a 
controller, the inputs of which may be the fuel cell power plant operating conditions, 
such as temperature, or environmental conditions, such as ambient temperature and 
pressure. In one example, the heater comprises a resistive element that heats up 
responsive to current supplied to the element. In another example, current is supplied 
across the enthalpy recovery device and the inherent resistance within the device 
generates heat. In still another example, a heater comprises at least one element 
supported with the enthalpy recovery device that receives an exhaust from a coolant 
loop associated with the fuel cell. The heated exhaust taken from the coolant loop 
passes through the heater element and operates to heat the enthalpy recovery device. 

[16] In still another example, the air supplied to the enthalpy recovery device is 

preheated using heat associated with a fuel processing system that otherwise provides 
fuel to the first electrode of the fuel cell. 

[i7] The various features and advantages of this invention will become apparent to 

those skilled in the art from the following detailed description of the currently 
preferred embodiment. The drawings that accompany the detailed description can be 
briefly described as follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[18] Figure 1 schematically illustrates a fuel cell power plant system designed 

according to an embodiment of this invention. 
[19] Figure 2 schematically illustrates a modification of the embodiment of Figure 

1. 

[20] Figure 3 schematically illustrates another modification of the embodiment of 

*. 

Figure 1. 
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[21] Figure 4 illustrates another alternative arrangement designed according to the 

embodiment of Figure 1. 
[22] Figure 5 schematically illustrates an alternative fuel cell power plant system 

designed according to an embodiment of this invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[23] Figure 1 schematically illustrates a fuel cell power plant system 20. A fuel 

cell 22 includes a first electrode 24 and a second electrode 26. The example fuel cell 
22 is a proton exchange membrane fuel cell stack, the operation of which is known. 
The first electrode 24 in this example is the fuel cell anode and receives fuel, such as 
hydrogen or a hydrogen-containing gas, from a fuel source 30. The second electrode 
26 in this example is the cathode and receives an oxidant, such as air, from a source 
32, which is provided to the cathode 26 through action of a pump 33. The anode and 
cathode may be a single fuel cell plate, or a plurality of plates, as known. 

[24] The illustrated example includes a coolant loop associated with the fuel cell 

22. Coolant loops are known and take a variety of forms. Coolant flowing through a 
cooler portion 34 passes through a radiator 36, such as a conventional heat exchanger. 
A pump 38 maintains the desired flow through the coolant loop. 

[25] An enthalpy recovery device (ERD) 40 facilitates maintaining a required water 

balance within the system 20. Those skilled in the art who have the benefit of this 
description will be able to select from among known ERD configurations to meet the 
needs of their particular situation. The ERD 40 includes a first portion or chamber 42. 
In this example, the first portion 42 is an inlet chamber. The second portion 44 in this 
example is an exhaust chamber. 

[26] The second portion 44 is in fluid communication with the exhaust of the 

cathode 26 of the fuel cell 22. The cathode 26 exhaust is provided to and flows 
through the second portion 44 under most operating conditions. A bypass conduit 46 
is coupled with a valve 48 that is between the cathode 26 and the second portion 44. 
Under selected conditions, the exhaust flow is completely bypassed through the 
conduit 46 around the second portion 44. Under other circumstances, only a portion 
of the exhaust flow is regulated through the second portion 44. The bypass 46 allows 
for controlling the exhaust flow through the second portion 44 according to selected 
temperature ranges or fuel cell power plant operating conditions. Example 
temperatures include the ambient temperature, an exit temperature from the cathode 
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26, or an ERD temperature. A controller 50 selectively operates the valve 48 to 
control the flow of the exhaust from the cathode 26 to the second portion 44 of the 
ERD 40. 1 

[27] The first portion 42 of the ERD 40 receives air from the air supply 32 under 

most operating conditions. A bypass conduit 54 is associated with a valve 56 that is 
- positioned between the air supply 32 and the inlet side of the first portion 42. On an 
as-needed basis, the controller 50 preferably operates the valve 56 to selectively 
bypass the air from the air supply 32 around the first portion 42 of the ERD 40. 

[28] There are a variety of different circumstances during which the controller 50 

selectively controls fluid flow through the ERD 40 to facilitate desired system 
performance. The example system includes a temperature sensor 59 that provides 
ambient temperature information to the controller 50. The controller 50 controls the 
fluid flow through the ERD 40 in the manners described below to meet the needs of a 
particular system configuration. In one example, the controller 50 comprises a 
microprocessor. Given this description, those skilled in the art will be able to develop 
the software code needed to program a commercially available processor to achieve a 
desired system operation. 

[29] In one example embodiment of this invention, the controller 50 selectively 

operates the valves 48 and 56 to completely bypass the ERD 40. When the ambient 
temperature is low enough for water to freeze, for example, completely bypassing the 
ERD 40 allows the water or other liquid within it to freeze. The ERD 40 remains 
bypassed until more favorable temperature conditions exist in this example. In one 
example, the ERD 40 is bypassed whenever the ambient temperature is below 20°C. 

[30] A complete bypass is not always necessary. There are some situations where 

one example system designed according to this invention selectively bypasses only 
one of the portions of the ERD 40. Further, the amount of bypass may be controlled, 
depending on the valves provided in a particular system. Those skilled in the art who 
have the benefit of this description will be able to decide how much flow is desirable 
given the current conditions and the configuration of their particular system. 

pi] In another example, the air from the supply 42 is bypassed through the bypass 

conduit 54 during system startup conditions. This particular example recognizes that 
the exhaust from the cathode 26 will be heated and tend to raise the temperature of the 
ERD 40 even though the ambient temperature of the air from the supply 32 would 
tend to cool the ERD 40. Accordingly, this arrangement reduces the thermal load on 



5 



Docket No. 67,124-001 
C02671 

EM #EV 235994753 US 

the ERD during a startup condition. The controller 50 in this example preferably is 
programmed to operate the bypass valve 56 to bypass air through the bypass conduit 
54 during startup conditions and then to allow air flow through the first portion 32 as 
soon as the operating temperature of the fuel cell 22 reaches a desired level. This 
particular technique prevents re-freezing of any moisture in the system gases flowing 
through the ERD 40 during startup. 

[32] In another example, the controller 50 utilizes temperature information, system 

pressure information or another criteria to direct only a partial stream of fluid through 
either portion of the ERD 40, or both. In one example, during startup from a cold 
condition, only part of the cold air from the supply 32 is directed through the first 
portion 42 of the ERD 40 to minimize the heat up time. 

[33] In addition to selectively directing fluid flow through the ERD 40, some 

example systems designed according to this invention include a heater associated with 
the ERD 40. The example embodiment of Figure 2 schematically includes a heater 60 
that receives at least some of the heated coolant fluid from the cooler 34 through a 
conduit 62. In this example, the heater 60 comprises at least one heating element, 
such as a heat exchanger that conducts the heat from the exhaust of the cooler 34 in a 
manner that warms the ERD 40. In one example, the heater 60 comprises a heat 
exchanger associated with the structure of the ERD 40. In another example, the 
heater 60 comprises a plurality of elements supported within the ERD 40 through 
which the heated coolant from the cooler 34 flows and provides the heating function. 
Another example includes direct injection of a portion of the heated coolant directly 
into the ERD inlet 42 co-flowing within the air channels. The controller 50 in one 
example utilizes temperature information to control operation of the heater 60. Given 
this description, those skilled in the art will be able to configure the appropriate 
components and to program a controller to realize a heating strategy that satisfies their 
particular needs. 

[34] Figure 3 shows another example embodiment where the heater 60 is an 

electrically resistive heater device. At least one resistive element heats up responsive 
to current supplied to it. This example schematically includes leads 66 and 68 across 
which current is supplied to the heater element. The current for operating the heater 
60 may be taken from the electrical output of the fuel cell 22, for example. In one 
example electric resistant heater elements are supported within the ERD between 
groups of approximately 20 ERD plates. 
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[35] Figure 4 schematically illustrates another arrangement. In this example, the 

ERD 40 is made of porous graphite layers 70 that have intrinsic electrical 
conductivity. Applying a direct current through the ERD 40 from one side to the 
other, using leads 72 and 74, for example, heats the ERD 40 by the heat build up 
associated with the resistance of the layers 70. The fuel cell 22 provides the power to 
heat the ERD 40 in one example. 

[36] The examples of Figures 1-4 are particularly well suited for a hydrogen-air 

power plant configuration. The example schematically shown in Figure 5 is 
particularly well suited for a hydrocarbon-air power plant configuration. The system 
20' operates much like the system 20 described above. Those skilled in the art 
appreciate the differences between a hydrogen-air and a hydrocarbon-air power plant 
configuration. 

[37] The fuel supply 80 in this example provides fuel to a conventional fuel 

processing arrangement 82. A heat exchanger 84 associated with the fuel processing 
arrangement 82 provides fuel to the anodes 24 through a conduit 86. Another side of 
the heat exchanger 84 is coupled with the valve 56', which controls air supply to the 
first portion 42 of the ERD 40. The air from the supply 32 is at least partially 
preheated using the heat exchanger 84 under selected temperature conditions. In one 
example, whenever a selected temperature, such as the ambient temperature, is at or 
below 0°C, the controller 50 operates the valve 56' such that the air from the supply 
32 is preheated using the heat exchanger 84 before being provided to the first portion 
42 of the ERD 40. 

[38] Another feature of the example embodiment of Figure 5 includes utilizing an 

output from an exhaust burner 90 as part of the exhaust stream flowing through the 
valve 48 to the second portion 44 of the ERD 40. The anode exhaust burner stream 
passes through a heat exchanger 92 associated with the coolant loop prior to passing 
through a conduit 94 on route to the inlet side of the second portion 44 of the ERD 40. 
The flow of such exhaust is combined with the exhaust of the cathode 26 and 
controlled by operation of the valve 48 either to the second portion 44 or the bypass 
conduit 46 using temperature criteria as described above, for example. 

[39] A variety of techniques have been disclosed for operating a fuel cell power 

plant system under cold conditions. More than one of the disclosed techniques may 
be used in combination as may be required to operate a particular system 
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configuration. Those skilled in the art who have the benefit of this description will be 
able to implement what works best for a given system. 

The preceding description is exemplary rather than limiting in nature. 
Variations and modifications to the disclosed examples may become apparent to those 
skilled in the art that do not necessarily depart from the essence of this invention. The 
scope of legal protection given to this invention can only be determined by studying 
the following claims. 
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